Abstract -In this paper a discrete-time model for Permanent Magnet Synchronous Motor (PMSM) based on the Explicit Euler method is presented. Thus, an advanced application of the discrete variable structure control theory using a discrete time varying sliding surface is designed for the tracking of the rotor velocity. First, modeling and simulation of the PMSM supplied by an inverter is presented. Then, closed loop simulations of the RST control and the discrete time sliding mode control (DSMC) are realized. The obtained results from the two approaches are finally compared in terms of good performances.
I. INTRODUCTION
The Permanent Magnet Synchronous Motor (PMSM) is nowadays increasingly used in industry as an actuator in automated systems. Its various features gives a dynamic characterized by a very low time constant and enable the design of speed, torque or position control with a precision and dynamic performance very interesting.
Despite these advantages, the PMSM has the disadvantage of being highly nonlinear and is characterized by parameters that cannot be known with certainty, making the design of control laws rather complicated. But, with the development of digital electronics, it is now possible to implement very complex algorithms. However, nowadays, it is worth mentioning that the control laws are designed in the continuous time domain and are real-time implemented with the digital devices. In fact, the recent advancements in digital microprocessor technology made cheaper, simpler and more flexible the digital implementation of control algorithms designed in the continuous-time setting. The main problem is the degradation of the expected performance, due to the fact that the design law does not take into account the sample time in the dynamic of the system. Then, the principal objective of this work is to study the control laws from the beginning in the discrete time domain taking into account the sampled time of the system. Two types of control are presented. At first, we study the RST control which represents the vector control in the discrete time domain [2] . This method, widely used for its simplicity and low cost, allows the decoupling between the control variables making the dynamics of the PMSM close to that of the DC motor. In contrast, when the demands on accuracy and other dynamic features are strict, RST control may be insufficient. As a result, the use of control algorithms to maintain a robust decoupling and acceptable performance is required. To solve this problem, the discrete-time sliding mode (DSM) concept has been introduced and much research on DSM Control (DSMC) has also been presented in recent years [1] [3] . Discrete-time Sliding Mode Control has received increasing attention, due to its inherent insensitivity to disturbances and parameter deviations, and for its ease of use for obtaining a fast and precise response. The most distinguishing property of DSMC is that the closed loop system is completely insensitive to system uncertainties and external disturbance [8] . Then, the remaining of this work is presented as follows. In section 2, the mathematical model of the PMSM is presented. In section 3, we present the RST control of the PMSM then in section 4 the discrete-time sliding mode controllers are designed. Simulation results are shown in section 5 and finally some comments conclude the work in section 6.
II. MATHEMATICAL MODEL OF THE PMSM
We remind in this section the mathematical model of the PMSM in the d-q plane. 
The objective of this technique of control is to keep the flow of armature reaction in quadrature with the rotor flow produced by the excitation system as in a case in a DC motor. The RST control strategy is based on the transformation of electrical variables of the motor to a referential rotating with the flow vector. Therefore this allows controlling the flow of the machine by the current d i , while the current q i allow controlling the electromagnetic torque [7] . For optimum performance with maximum torque, the simplest solution for a synchronous motor is to maintain the direct current d i at zero and to regulate the speed by the transverse current q i via the q v tension [5] [6] .
Therefore, the torque is directly proportional to the q i current and its expression is given by:
Thus when the d i current is zero, the model of the PMSM is reduced to the model of the DC motor with separate excitation. RST control is generally based on the principle of cascade control and is given by the figure 1. However by taking (4) we note that the equations are coupled, it is therefore necessary to implement a decoupling that involves the introduction of compensatory terms. The technique used is the decoupling compensation technique. This decoupling is based on the introduction of compensatory terms d e and q e .
with .
The We obtain then finally:
The d and q axes are decoupled and represented by the figure 2: This leads to two almost independent linear systems of first order with constant coefficients.
A. Calculation of the digital controller
The basic version of the digital PI controller results from the discretization of the analog PI controller. The figure 3 illustrates its structure. We illustrate here the calculation of coefficients of a digital PI controller. The discrete transfer function is given by:
Digital PI controller is characterized by the polynomials:
The transfer function in a closed loop in its general form is given by the following equation.
where:
The polynomial 1 ( ) P z − corresponds to the poles of the closed loop system. In the case of a discretized system, having the transfer function given by the equation (8) and the use of a digital PI controller, the equation (12) giving the poles in closed-loop can be written:
For equation (13) holds, it is necessary that coefficients of different powers of 1 z − are equal in the two members. We obtain the following system of equations:
We can then deduce the values of 0 r and 1 r of the digital PI controller. 
IV. DISCRETE-TIME SLIDING MODE CONTROL
The sliding mode control is characterized by its robustness and invariance properties towards the system parameter changes. In addition, it present an insensitivity to external disturbances applied to the system. Moreover, in the continuous time approach everything seems perfect and ideal, however in practice it is not. This is due to the discrete nature of the systems such as the electric drives in addition to the use of digital controllers. The synthesis of the DSMC law is based on the choice of the sliding surface, which allows the system to be robust with respect to its parametric variations. This synthesis given by Sarpturk and Al. [10] is made of the following two steps:
• The choice of sliding surface such that all trajectories of the system follows a desired behavior tracking, regulation and stability.
• The determination of the control law which will bring back the system to the switching surface regardless the initial state The first step is exactly similar to that used in the continuous case [13] . It is worth mentioning that the state vector of the system should remain as close as possible to the sliding surface to keep the command as close as possible to zero. The second step, however, is different from the procedure used in the continuous case and differs in two aspects [12] . First, DSMC can only undergo "quasi sliding mode", more precisely "pseudo sliding mode" [14] i.e. the state can approach the switching surface but cannot stay on it. Second, the impossibility to generate the corresponding equivalent control to keep the state on the surface when the state does reach it.
A. Expression of the sliding surface in discrete-time
In the continuous case the derivative of the sliding surface is given by: ( ) S k is determined from the following equation:
and ( 1) ( 1) 
Using the equation (17) and replacing the expression of ( 1) x k + in (19) we can determine the control law ( ) u k .
B. Reaching conditions
This condition is the necessary and sufficient condition to guarantee the existence of sliding mode in discrete time. The control law must be chosen so that whatever the initial state, the trajectory of the system is attracted to the sliding surface in finite time.
The lemma given by Spartuk and Al [10] to verify this condition is given by: 
C. Regulation of the current id
Based on the discrete-time model (4), one designs a discretetime controller for rotor velocity tracking. Let us define the output tracking error d e given by:
The resulting error is corrected by a regulator operating in a sliding mode and the surface of this control is given by: 
According to (17) we find:
Using (4) and (25) we obtain finally the expression of drefk v
given by:
D. Regulation of the current q i
Based on the discrete-time model (4), one designs a discretetime controller for rotor velocity tracking. Let us define the output tracking error q e given by:
According to (17) 
Using (4) and (31) 
E. Speed regulation Based on the discrete-time model (4), one designs a discretetime controller for rotor velocity tracking. Let us define the output tracking error e ω given by:
The resulting error is corrected by a regulator operating in a sliding mode and the surface of this control is given by: ( )
Using (4) and (38) 
V. SIMULATION RESULTS
Now, one verifies the performance of the control scheme by means of numeric simulations. We consider a PMSM with the following nominal parameters: The simulation is performed using the environment MATLAB/SIMULINK. The following figures shows the results for a set of 420 rad/s followed by an insertion of a resisting torque, C r =3.3 N.m at t=1s. Then to test the robustness of the proposed control, we study the influence of parameter variations on the performance of speed settings. This study is to vary the parameters s
simultaneously at the start of the motor. The changes introduced represent in practice the heating and the saturation of the magnetic circuit. The value of the stator resistance is thus multiplied by 1.5 and the inertia and stator inductances by 2.
A. Simulation with the RST control Following these simulations, the RST control and the sliding mode control are compared. These two methods of control gives us good results. We observe that the response speed with the proposed control monitors the set point, even after the application of the resistive torque. In fact, the disturbance rejection is very fast and the overshoot and response time are low. Moreover, the decoupling is maintained whatever the variation of the torque. This can be found by maintaining the d i current at zero. The electromagnetic torque also has a good pace and we can observe the change in the insertion torque. The main difference between both methods is in the robustness. In fact, the variation of the parameters of the motor shows that the RST control is not robust to parameter uncertainties unlike the sliding mode control, which guarantees good results even in the case of parametric uncertainties. Moreover, the fact to take into account the sampling period of the digital computer can provide good results in a real-time implementation.
C. Robustness test

CONCLUSION
In this paper, has been obtained a discrete-time model of the PMSM using the Explicit Euler method. Using this model, two types of control techniques for the tracking of the rotor velocity were compared. The sliding mode control technique has demonstrated to facilitate the control design for PMSM even in discrete-time setting. Due to the sliding nature of DSMC, this control algorithm has robust performance in response to external disturbance and parameter uncertainty. Additionally, DSMC is a chattering-free control scheme. Simulation results showed that the proposed control action has robust performance in response to load variations and system parameter uncertainty.
